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Advances in linking the science of ecology with economics and the develop-
ment of agri-environmental modeling systems coupled with new information tech-
nology suggest new public policy approaches that reward agricultural producers for 
providing ecological services. An incentive-based ecosystem approach that identi-
fies and quantifies an array of environmental services that can be provided by agri-
cultural land, and then facilitates the development of markets in these services can 
protect environmental quality while improving farm income. Sustainability can be 
achieved whereby economic needs of society are integrated into environmental pro-
tection. Before presenting new agricultural policy approaches for improving envi-
ronmental quality and, in particular, managing agricultural nitrogen, the nature of 
the relationship between agriculture and the environment and its implications for 
policy are discussed. 
1. THE POLICY DILEMMA 
By design, agriculture alters the natural system of the soil and the associated 
landscape for the production of crops and animals of benefit to humans (Daily 
and Ehrlich, 1992; Daily, 1997). The diversion of available energy from mainte-
nance of the ecosystem2 can, over time, affect the quality or fitness of agricultural 
lThe views and opinions are those of the author and do not necessarily represent 
those of US Environmental Protection Agency or the Federal Government. 
2 According to C.S. Holling, "In short, the success in controlling an ecological vari-
able that normally fluctuated led to more spatially homogenized ecosystems over 
landscape scales. It led to systems more likely to flip into a persistent degraded 
state, triggered by disturbances that previously could be absorbed. This is the defi-
nition of loss of resilience ... So this is the puzzle: The very success in managing a 
target variable for sustained production of food and fiber apparently leads inevita-
bly to an ultimate pathology of less resilient and more vulnerable ecosystems, more 
rigid and unresponsive management agencies and more dependent societies" (as 
quoted in Gunderson et al., (1995)). 
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ecosystems, as reflected in their resistance and resilience3 to such physical and bio-
logical insults as disease and droughts. This decline is well below those of native 
ecosystems (Whitford et aI., 1999) with some environmental impacts requiring 
years to manifest themselves (NRC, 1993). Some effects occur slowly with long-
term effects that do not become apparent for many years. According to Ludwig 
et aI., (1993), "[t]he delay between predicting and detecting irreversible and del-
eterious ecosystem-level changes with certainty often delays the receptivity to 
acknowledging environmental problems and seeking solutions. This uncertainty 
compounded over the period of delay; the longer the period, the larger the gamble." 
Soils, particularly in arid regions or organic soils, can quickly exhibit the signs 
of degradation, such as reduced water-holding, nutrient-holding, and infiltration 
capacity. Changes to more robust soils may take decades or even generations before 
the loss in resistance and resilience manifests itself (Kemper, 1997). As quality 
declines, producers may rely more on chemical inputs, such as chemical fertiliz-
ers. As soils lose their tolerance to droughts, producers irrigate more; as soils lose 
resistance to disease, farmers use more pesticide. These compensatory actions to 
maintain or improve yields can lead to further declines in environmental quality 
(see the discussion of nonconvex processes in Dasgupta et al. (1999). Nutrient (par-
ticularly nitrogen and phosphorus) contamination of water resources exemplifies 
this problem (NRC, 1993). 
Society, in general, accepts this decline in environmental quality where it per-
ceives the benefits of agricultural production outweigh the environmental costs 
(Phipps and Crosson, 1986). However, an ever-growing economy and the steady 
decline in the relative value of agricultural production changes this ratio. John 
Antle (1999) states that "(t)he growing demand for environmental quality implies 
that society will increasingly value production processes that provide environmen-
tal services - what are becoming known as ecosystem services" (see also American 
Forests, 2005). As new scientific insight reveals serious long-term environmental 
effects (Crouzet et aI., 2000; USGS, 2005), the public demands more from agricul-
tural producers to mitigate these impacts. In response, both the United States and 
the European Union (EU), have, for example, enacted regulations in recent years 
that have put increased pressure on state and regional political jurisdictions to 
resolve the problems (CRS, 2000 a, b; CEC, 2001; EU, 2001). 
1.1. Factors Contributing to Agriculture's Role in Pollution 
Soils and their constituents, such as nitrogen, phosphorous, and carbon are 
inextricably connected to water in ecological processes. A change in the quality or 
quantity of the one can, over time, adversely affect the other (NRC, 1993; Turner 
3Resistance is the capacity of the system to continue to function without change 
through a disturbance; resilience the ability to recover functional integrity following 
a disturbance (Herrick, 2000). 
New Policy Directions 651 
and Rabelais, 2003). It is the latter, however, that commands public attention for 
environmental protection since water, both above and below ground, is a common 
pool resource (CPR) shared by many users (Ostrom et aI., 1999). 
Exploitation of CPRs commonly leads to a policy dilemma called "tragedy 
of the commons" in which the pursuit of self-interest diminishes the quality and 
usefulness of the resource for other users (Hardin, 1968). The result is a form of 
market failure called negative externality whereby short-term interests produce 
outcomes that are not in anyone's long-term interest (Dinar and Loehman, 1995). 
CPR dilemmas are solved by restricting access and creating incentives (usually 
by assigning individual rights to or shares of the resource) for users to invest in 
the resource instead of overexploiting it. This usually means privatization of the 
resource (Ostrom et aI., 1999). Privatization of water resources is rarely politically 
or technically feasible. 
Agricultural soils, on the other hand, are generally privately owned and managed. 
Nevertheless, their interaction with water in the larger ecological dynamic trans-
lates the consequence of an insult of one component of the landscape into adverse 
impacts on the quality of the whole. Individual property ownership and institutions 
for facilitating communication and negotiation among individual property owners 
are not likely to lead to rules to solve this social dilemma in these watersheds where 
there is a high proportion of users who behave in a narrow, self-interested way; 
where the perceived social benefits accrue to beneficiaries external to watershed; or 
the costs of doing so are perceived by the users to be high, particularly where the 
resource is large and complex (Dasgupta, 2000). 
Soils and the larger landscape potentially provide multiple services to society, in 
addition to the service associated with a private benefit. The former, which include 
floodwater retention, drought mitigation, wildlife habitat, water quality, seques-
tration of carbon and minimizing releases other greenhouse gases thereby helping 
to mitigate global warming, and even esthetic open space for the benefit of urban 
dwellers (Tourbier, 1994) are rarely explicitly monetized (Daily, 2000; Daily et aI., 
2000; Haapala, 2000). Though managing the land through its use in agricultural pro-
duction may reflect its private economic value, the practices may not sufficiently 
capture its environmental resource value (Dasgupta, 2000; Dasgupta et aI., 1999). 
Management of soils generally follows the value of the land for private benefit. 
This use of the land, though declining, may continue indefinitely with the avail-
ability of modern technologies, such as fertilizers, hybrid seeds, and pesticides. It 
is the value of the land that derives from management of the land for other eco-
logical functions that declines more precipitously and, in the short-term of social 
experience, irreversibly for the larger public. Individual property rights, as currently 
defined, do not suffice to maintain or improve the ecological functions that benefit 
the larger group or provide too little of these services. 
Farmers have been known to address pollution problems for which resolution 
can be shown to be in their self-interest, such as the protection of groundwater that they 
use for drinking water. However, there can be a temporal lag between the management 
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practices that cause the insult to the resource and the effect that diminishes the com-
mon use of the resource. A relatively common example is nitrate contamination of 
groundwater supplies resulting from excessive fertilizer use or land application of 
manure. Producers may not become aware of the commonality of interest in pro-
tecting the resource until the damage is manifest, which may not occur for many 
years. Alternatively, the farmer may be aware of the problem, but does not adopt 
the necessary practice to resolve the problem because the structure of the agricul-
tural economy does not allow him or her to pass on the additional cost. 
The spatial scale of agricultural production complicates the finding of a policy 
solution to the environmental problems. Production occurs across watershed and 
political boundaries. Site-specific factors, such as soil type and quality, weather, and 
proximity to water resources, and history of hydrologic changes, affect the amount and 
type of pollution associated with the agricultural technology used to produce the agri-
cultural product (Wu and Babcock, 1999; Renwick et aI., 2002; USDA, 2006a, b). 
Superimposed upon the effect of individual farming decisions on the envi-
ronment are public policies and collective actions that exacerbate or amplify the 
magnitude of the impacts. In the United States and in most developed countries, gov-
ernment programs have historically affected how farmers farm or steward the land 
exacerbating agriculture's impact on the environment (NRC, 1993). Agricultural 
programs that induce a bias toward intensive farming practices that boost yields 
expand production onto marginal lands, and concentrate production on a small 
number of crops can undermine efforts to encourage adoption of conservation prac-
tices.4 Despite major changes in farm policy in the United States and Europe since 
1989, the linkages between farm program support and production decisions remain 
(Crouzet et al., 2000; OECD, 2003; IEEP, 2006; Lubowski et aI., 2006).5 Income-
support programs in the United States under the 2002 farm bill, such as the com-
modity loan programs, influence producer decisions regarding the use of marginal 
lands, the intensity of land-use, tillage practice, monocultural cropping practices, 
and habitat protection (Miranowski and Cochran, 1993; Schmitz, et aI., 2002). 
Wide fluctuations in the prices of commodities in domestic and international 
markets can cause farmers to put marginal land into production, fragile lands that 
can degrade and hence readily erode (MacGregor and McRae, 2000). An example 
of this occurred in the late 1970s in the United States when agriculture boomed 
with "fence row to fence row" production leading to a significant expansion in crop-
land and concomitant rates of soil erosion (NRC, 1993, p. 152). Shifting the man-
agement of risk from how one crops and manages the land to financial instruments, 
4The National Research Council concluded: "[F]ederal policies" significantly influ-
ence farmers' choices of agricultural practices. As a whole, federal policies work 
against environmentally benign practices (NRC, 1989). 
5The 2002 farm bill (Farm Security and Rural Investment Act of 2002) contin-
ues these linkages in the United States (USDA, 2002). 
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or "risk management instruments," such as crop or disaster insurance or loan-
deficiency payment programs, can encourage producers to shorten the time-scale of 
management decisions regarding resource use, putting short-term rational individ-
ual economic behavior gain into conflict with long-term public resource protection 
(Skees, 1999). 
Recent trends regarding the structure of the industry, occurring at least in part 
as a consequence of growing global demand for livestock products (Manale, 2007; 
Delgado et al., 2002), also have implications for ability of public policy to solve prob-
lems (Boehlje, 1995; Welsh, 1996; Rickson et al., 1997; US Environmental Protection 
Agency, 1998; FAO, 2006). Over time, crop and animal livestock production have 
diverged with more and more specialization, a greater percentage of production con-
ducted by fewer farms, and fewer farms producing both whereby crops grown serve 
as feed for animals and the manure produced by the animals serving as fertilizer for 
the crops (Crouzet et al., 2000, see also Dmitri et aI., 2005). The global availabil-
ity of feed, often at subsidized prices, frees livestock production from its traditional 
linkage with crop production. Moreover it is free to move to where the markets are 
for the products of livestock (for a discussion of how the global trade in feedstuffs 
for livestock affects the nitrogen cycle, see Bouwman and Booij, 1998). The frequent 
result is a concentration of production within small geographic areas with nitrogen 
and phosphorous coming into a watershed in grain inputs that are not balanced by 
removal through food transported out of the area, denitrification, or taken up by plants 
(Vanderholm, 1994; USDA, 2000b; USEPA, 2003). Land available to dispose of 
waste at an economic cost becomes the common resource for which producers com-
pete. Where there is too little land to accommodate the waste (i.e., there is more nitro-
gen than what crops can utilize, what soils can denitrify, or what can be incorporated 
into new soil), the excess can wind up in ground and surface water supplies or over-
concentrating in soils that disturbs soil ecology (Hatfield and Stewart, 1998). 
With more and more production occurring under contracts to firms that proc-
ess and convert raw agricultural produce into value-added products (so-called inte-
grators), some key production decisions are no longer necessarily made by owners 
of the land who may have self-interest in its long-term sustainable management 
(Royer, 1998; see also Martinez, 2002). Key decisions regarding how much produc-
tion occurs within a watershed or geographic area, where the predominance of pro-
duction is under contract, have increasingly shifted to the integrator or integrators 
who may not have to account for natural resource constraints, such as land avail-
ability for manure spreading (Manale and Narrod, 1994; Farm Foundation, 1996; 
Gollehon et aI., 2001; Ogishi et aI., 2003). In those circumstances, the integrators 
who contract with growers to convert the feed grain into animal products determine 
the level of production, that is, the number of finished animals produced, and hence 
how much waste is generated, within the geographic area. Who owns the byprod-
ucts of production, dead animals and animal waste, becomes an issue decided more 
by relative bargaining position between the contractor and the contractee and less 
by ability to absorb or pass on the costs of environmentally friendly management. 
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In the United States, the courts may in some circumstances decide this issue (Tulsa 
vs. Tyson Foods, 2003; Braunig, 2005). 
No less important a factor affecting agriculture as a source of pollution and 
loadings of nitrogen into the environment is the long-term consequence of collec-
tive actions and government policies. These have changed landscape hydrology 
and hence the ecological conditions of soils and their potential to provide a vector 
of services of social value, such as floodwater retention, carbon sequestration, and 
groundwater recharge (Wiener et aI., 1998; The Guardian, 2000). When Europeans 
first settled the land that would become the conterminous United States, for exam-
ple, there were 89.4 million hectare (221 million acres) of wetlands. With the intro-
duction of technology facilitating the construction of tile drains, nearly all of the 
prairie wetlands - prairie potholes - in Iowa, southern Minnesota, and the Red 
River Valley had been drained. By the mid-1980s, the number of wetlands plum-
meted to about 42.7 million hectare (103 million acres). Many states, such as Ohio, 
California, Missouri, Illinois, and Indiana, lost more than 70% of functioning wet-
land systems and Iowa 95%. In other areas, channelization of rivers contributed to 
changes in soil ecosystems. Increased transport of sediment and fertilizer nutrients 
and loss of riparian vegetation often followed channelization. 
Altering the rate of overland and subsurface flow of water affects rates of deni-
trification or movement of sediment to water bodies "In Iowa, shallow subsurface 
drainage is 'short-circuited' or routed by drain tiles to surface water supplies such 
as the Des Moines and Raccoon Rivers. This can result in water supplies for cit-
ies such as Des Moines exceeding the drinking water standard.6 Although better 
nitrogen management can help reduce leaching losses, it has not been shown that 
management alone can reduce nitrate-nitrogen concentrations in shallow subsurface 
drainage to levels below 10 mg/L, unless nitrogen applications are eliminated or at 
least reduced to well below economic optimum rates" (Crumpton and Baker, 1993; 
Burkart and James, 2006). Subsurface drainage coupled with cropping practices 
that utilize less water in late winter and early spring, along with residual nitrogen 
or the nitrogen made available through early season mineralization, can increase the 
amount of free reactive nitrogen that can be lost from soils. The choice of crop-
ping practices are in tum, as explained above, affected by agricultural policies that 
reward the planting of crops, such as com and soybeans. Because these top soils 
tend to be deep, degradation can cause nutrients to be released over a long period of 
time contributing to loadings to surface waters (USGS, 2000). 
Conversion of wetlands and altering the water-holding capacity of agricultural 
soils add to the risk of floods and droughts. According to Perry and Vanderklein 
(1996), "while water quality management frequently focuses on small or mid-scale 
effects, significant lag-term effects can, and probably do, result from all of the 
channel modifications, land-use changes, and accumulated connecting impacts." 
6Drainage has also caused these soils to become a source of greenhouse gas emis-
sions, rather than a sink, thus contributing to climate change (Armentano, 1980). 
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The draining of over 60% of the prairie potholes of the northern prairie of the 
Upper Mississippi River Basin, for example, has resulted in the loss of the poten-
tial to store some 38ha-cm (15 acre-inches) of runoff and more per year (Wiche 
et aI., 1992). During pre-settlement times, forested riparian wetlands adjacent to the 
Mississippi could store up to 60 days of river discharge. With removal of wetlands 
through channelization, leveeing, and draining, remaining wetlands have storage 
capacity ofless than 12 days discharge (DeLaney, 1995). Restoring the ability of the 
soils to retain water can achieve roughly a 36% reduction in runoff (Dyke, 1997). 
1.2. United States' and Europeau Union's Experience in 
Addressing the Problem 
Conventional approaches have heavily relied on voluntary approaches, such as 
education technical assistance, directed at users of the land. These programs, often 
involving cost-share with individual farmers for practices or payments for tempo-
rary land retirement, has had only partial success (Poe et al., 2001; Wu et al., 2004; 
USDA, 2006). Education alone has not been effective in promoting adoption of prac-
tices that are not profitable (Camboni. and Napier, 1994; Feather and Cooper, 1995) 
except where self-interest is at stake (Nowak, 1987; Napier and Brown, 1993). Even 
where technical and cost-share assistance have been provided, voluntary projects, 
such as United States Department of Agriculture water quality projects that were 
implemented on a watershed basis - such as the Model Implementation Program of 
the 1970s and Rural Clean Water Program of the 1990s - failed to achieve water 
quality goals (ShortIe and Abler, 1999). Labeling requirements and registration of 
inputs have been of limited effectiveness because of site-specific conditions. 
In the United States, federal programs to protect water resources from agri-
cultural sources have relied heavily on state and local initiatives. Clean Water Act 
(CWA) [Federal Water Pollution Control Act] section 208 as well as its 1987 amend-
ments has called for development and implementation of area wide water quality 
management programs to address point and nonpoint source pollution and for states 
to develop plans for reducing nonpoint pollution and adoption appropriate land man-
agement controls. Congress amended the CWA in 1987 to establish the section 319, 
Nonpoint Source Management Program, because it recognized the need for greater 
federal leadership to help focus State and local nonpoint source efforts. Under sec-
tion 319, State, Territories, and Indian Tribes receive grant money which support a 
wide variety of activities including technical assistance, financial assistance, educa-
tion, training, technology transfer, demonstration projects, and monitoring to assess 
the success of specific nonpoint source implementation projects (USEPA, 2008). 
This gentle federal nudging of states to address what has been perceived as inher-
ently a state or local problem has not been enough (US Environmental Protection 
Agency, 1998; USEPA, 2000). Where there has been regulatory efforts, such as 
for emissions from large confined animal feeding operations (CAPOs), protection 
of wetlands and reducing soil erosion, enforcement has been spotty or ineffective 
(Gallagher and Rogers, 2003; US GAO, 2003). 
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Similarly in the EU, traditional command and control and voluntary efforts 
have met with limited success (EEA, 2000; EEA, 2005). Using nitrogen loads in 
rivers as the indicator, some overall improvement is being achieved. Since 1992, 
declines have been reported at a quarter of monitoring stations and 15% showd an 
increase. The most marked progress in reducing nitrogen loadings to rivers have 
occurred in Denmark, Germany, and Latvia, with additional success occurring in 
the Algarve and the east of France, where intense field controls, including soil anal-
ysis, have accompanied the dissemination of good-practice advice. 
Most of the reduction in nitrogen loading into the environment is likely the 
consequence of reforms of the EU's agricultural subsidy program which has shifted 
payments away from support for production to provision for environmental goods. 
The incentive to use more fertilizer to increase production and hence financial 
return has thereby been reduced. Implementation of regulatory programs in mem-
ber states has generally been unsatisfactory, with only patchy implementation by 
member states of the Nitrates Directive, the main EU-wide policy vehicle for reduc-
ing nitrogen loadings into the environment from agriculture. Even where programs 
are in place, regulatory targets for reducing agricultural loadings have been missed 
(Crouzet et aI., 2000; EEA, 2005; EEA, 2006). The explanation has generally been 
that the measures adopted were accompanied by inadequate control and enforce-
ment, inadequate education, and inadequate use or lack of financial instruments. 
Incentive-based approaches have been suggested in recent years (Segerson, 
1988). However, agricultural pollutants follow indirect and diffuse routes from 
agricultural land to air and water resources from a large numbers of agricultural 
sources. The standard economic prescriptions for negative environmental exter-
nalities involving emission-based policy instruments, such as emissions standards 
or taxes, tradable discharge permits which require metering individual pollution 
sources would be impractical for nonpoint source pollution (Shortie and Abler, 
1999). Taxes are not necessarily more efficient because of uncertainty regarding 
farm production decisions and loadings (Weitzman, 1974). Trading between point 
and non point sources, which has been urged by some economists, suffers from the 
difficulty in establishing equivalence between a quantifiable point source emission 
and a highly variable nonpoint source emission of a pollutant or pollutants, let alone 
the high cost of monitoring and verification of reductions. 
A carrot-stick approach has also been pursued whereby federal agricultural 
farm income-support payments in the United States have been coupled to imple-
mentation of specific practices, such as conservation tillage or protection of cropped 
wetlands. Though these programs have succeeded in significantly reducing soil ero-
sion on highly erosive land, they have had far more limited success with reducing 
nitrogen loadings to the environment (USGS, 1999). 
Voluntary, incentive-based "green payments" have been paid farmers to adopt 
of practices that reduce impacts on water resources. As Horan et aI., (1999) have 
argued, " ... major program design issues have yet to be addressed, including how 
to define environmental performance goals, tradeoffs or complementaries between 
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farm income and environmental protection, what types of payments to use (includ-
ing subsides or contracts), which producers to target, which inputs to target, whether 
to make payments uniform or partially site-specific, how to control entry and exit, 
and how to reconcile green payments with the URA (Uruguay Round Agreement) ... 
Under URA environmental subsidies are limited to producers' participation costs." 
Those programs in the United States that have been funded by the federal gov-
ernment have been conservatively funded with budgets sufficient only to fund the 
most closely targeted problems; that is the demand for funding has far exceeded the 
amounts available (USDA, 2000a). Where these have been implemented broadly, 
the funds have generally been spread too thinly to be effective. The 2002 revisions 
to the US farm bill greatly increased funding for these programs. Nevertheless, even 
with this greater amount of conservation funding, only a small percentage of agri-
cultural lands (estimates range from 5 to 10%) are and can be expected to be treated 
in the foreseeable future even as the demands for expanded production on agricul-
tural lands increase. There have been few studies that have actually attempted to 
cost out how much is needed to achieve various levels of environmental improve-
ment (see, e.g., Babcock et ai., 2001; Feng et ai., 2005). 
US green payment programs often suffer from reliance upon uncertain govern-
ment funding. According to Napier (1994), "[o]nce the subsidies used to encourage 
conservation were withdrawn, or the market changed to the point that it was less 
profitable to farm with conservation systems, landowner-operators removed conser-
vation structures and reintroduced erosive farming systems that were perceived to 
be more profitable. The result is a considerable loss of public investment in soil and 
water conservation ... repeated numerous times throughout the United States and is 
likely to continue unless there is significant modification of institutional structure 
for implementing conservation programs." Because addressing the root causes of 
environmental problems associated with agricultural may entail restoring the qual-
ity of soils - a process that may take years to accomplish, all of which can be lost 
in a single season - a successful green payment program requires an institutionally 
secure and enduring funding mechanism. 
How effective these green payments for specific practices have been in protect-
ing the environment has also been called into question by experts. In the United 
States, the conservation community has begun to call for proof of results of what 
government funded beyond hectares of practices applied or dollars spend to mea-
sured reductions in nutrient loadings to surface or groundwaters. US Department 
of Agriculture's Conservation Effects Assessment Project (CEAP) is a response to 
this call (USDA, 2006b). Similarly, European scientists have begun to examine the 
effectiveness of the EU green subsidy for agriCUlture (Whitfield, 2006). The ini-
tial results suggest that progress has been mixed - some significant reductions in 
emissions, on the one hand, but overall too little reduction to stabilize or restore the 
health of the ecological systems. 
One lesson that is being derived from what has been so far gleaned is that green 
payment programs, just like the conventional regulation program, must include a 
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component involving monitoring and evaluation to measure success. There are both 
problems of compliance with the terms of the green payments as well as with the 
effectiveness of the interventions in achieving expected outcomes (Manale, 2003). 
The transactional cost of setting up and managing a program to ensure compliance 
must be incorporated in the assessment of the cost of the effort. The need for more 
monitoring and evaluation and incorporation of Adaptive Management (AM) prin-
ciples into the design and implementation of our conservation efforts will be dis-
cussed later in this chapter (Section 2.2.4). 
2. AN ECOSYSTEM APPROACH TO AGROENVIRONMENTAL 
PROBLEMS 
A fundamental problem of past efforts has been the narrow, single-objective 
focus of policy on ameliorating a particular environmental impact of agricultural 
production at a time - soil erosion, nutrient, runoff, groundwater contamination, for 
example - rather than at the root causes or at encouraging practices that address 
multiple impacts (Ribaudo et aI., 2000). Policies have assumed the replaceability 
of the capital stock, despite the amount of time related to the human lifespan neces-
sary to replace or restore them (Phipps and Crosson, 1986). However, instead of an 
inert chemical matrix in a steady-state relationship with its environment and with 
agricultural chemical inputs, soils are highly complex dynamic biological systems 
interconnected into a larger system. "Unfortunately the world doesn't operate on a 
linear model. Thus, it can be argued that some of the blame for today's increasingly 
vexing water problems stems from the application of linear thinking to the prob-
lems of a cyclical world (Hall, 1998)". 
A more useful model for understanding agriculture's role in water quality prob-
lems incorporates a feedback mechanism pertaining to the capacity of the capital 
stock. According to Hall, "[t]he difference, between the two models is not one 
of parts, but of interrelationships." Newer models that simulate how the capital 
stock-soils-provide a variety of ecological services - allow economic evaluation 
of options that address the causes of the problem - such as the loss of ecological 
functions of the soil or hydrologic modifications of the greater landscape that pre-
vent farm-level solutions - or even economic policies that have encouraged the 
geographic division of crop and livestock agriculture. Important policy options that 
may have provided greater economic and environmental benefit simply have or 
could not be sufficiently considered.7 
7"Past attempts have focused on resource that is adversely impacted, such as water 
and then identifying either the performance standard or the technology that achieves 
the desired amelioration. The consequence is that the practices or measures adopted 
will be single-objective and may fail to achieve multi-objective benefits that may 
accrue from practices that not only achieve the single objective but secondarily also 
the other benefits (Batie and Ervin, 1997)." 
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A holistic, ecosystem approach treats the causes of environmental degradation 
from agricultural activities rather than the symptoms, recognizing the interconnec-
tiveness of problems and the complexity and uncertainty of interactions (Bellamy 
and Johnson, 1999). Ecological services that have diminished must be restored 
through the adoption of agricultural systems or sets of practices that either restore or 
mimic their function. Hence, managing the system for its ecosystem services - that 
is restoring "wholeness" - means managing the capital stock to provide an array of 
ecological services, including crop production, to maximize the social good. One 
thereby minimizes the set of negative externalities associated with the commercial 
activity. 
Ecosystems and how they operate and interact, particularly over larger time peri-
ods and spatial scale, are poorly understood. Any economic or policy model that 
attempts to simulate their functions over time and space to allow for predictions of 
cost and effects is, from the outset, flawed. As Gunderson et aI., (1995) has argued: 
"In principle, therefore, evolving managed ecosystems and the societies with which 
they are linked involve unknowability and unpredictability. Therefore sustained 
development is also inherently unknowable and unpredictable. The essential point is 
that evolving systems require policies and actions that not only satisfy social objec-
tives, but also achieve continually modified understanding of the evolving conditions 
and provide flexibility for adapting to surprises. This is the heart of active regional 
experimentation by management at the scale appropriate to the question - adaptive 
environmental and resource management. Otherwise the pathologies of exploitive 
development are inevitable - increasingly brittle ecosystems, rigid management, 
and dependent societies leading to crises." 
A strategy for addressing the environmental problems of agricultural produc-
tion that incorporates ecological concepts needs "flexible, diverse, and redundant 
regulation; monitoring that leads to corrective responses; and experimental probing 
of the continually changing reality of the external world" (Gunderson et aI., 1995). 
The policies that it develops acknowledge the possibility, if not the probability, of 
failure and hence seek to move the system toward sustainability - defined in terms 
no more detailed than the science suggests - by steps that can be reversed as sci-
ence suggests that the path taken may fail. 
It takes a long-term perspective and broad spatial scale focus - that of the land-
scape, watershed, region, or basin (Burt, 1999). Many ecological services - such 
as floodwater retention or provision of wildlife habitat and biodiversity - require 
land-extensive management practices that wi11likely transcend individual property 
boundaries. The proper intervention in agriculture may not necessarily be directed 
at the individual farm, but rather at restoring an ecological service at a broader geo-
graphic scale than the individual farm. Thus, the spatial scope should be expanded 
to encompass a broad range of technical and institutional options to resolve the 
problem. According to Loucks (1998), "[a] more operational view of a watershed, 
therefore could be the 'problem-shed' - a region approach to the issues and prob-
lems being studied. If the definition is accepted, a watershed is not necessarily bounded 
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by the hydrological, physical, or even political boundaries. Rather, a watershed is 
defined by the locations of its stakeholders who have an interest in one or more 
particular watershed management problems and who have the ability to address 
and solve them." It provides for a process through which conflicting interests can 
arrive at consensus for action at the scale appropriate to the problem (see Brown 
and MacLeod, 1996). 
The human element must be taken into account as questions of economic via-
bility of communities are raised. Stakeholders and interested parties need to be 
involved in making the decisions regarding the relative importance of objectives and 
tradeoffs because solutions to land-extensive environmental problems may require 
extended periods of time (Burt, 1999). Local commitment provides for greater pro-
gram continuity while regional, state, or even national involvement allows options 
to address concerns that extend beyond contiguous political boundaries. 
A structured approach facilitates stakeholder involvement. "Stakeholder values 
are the key to the structured decision process because they identify what matters to 
participants and, in turn, highlight the consequences that require most careful atten-
tion and the tradeoffs that matter most." A structured decision approach to public 
involvement is essential in the following steps: framing the decision, defining key 
objectives, establishing alternatives, identifying consequences, and clarifying trade-
offs (Gregory, 2000). 
The example of soil carbon is illustrative. The amount or concentration of car-
bon in the soil plays a critical role in soil quality, which in turn affects agricultural 
productivity. Soil quality affects water retention, which in turn helps reduce flood-
water runoff in watersheds. Tilling the soil oxidizes the carbon in the soil, reducing 
its concentration as less is returned to the soil until a new steady state is reached 
at a lower concentration than in its pre-agricultural state. In traditional agriculture, 
farmers who raised livestock along with crops would apply the manure to soils, 
returning thereby at least part of the carbon and nutrients to the system. Trends 
toward specialization of agriculture has witnessed the division of livestock and 
crop agriculture, such that not only is the farmer not involved in both activities, but 
the activities can be located a great geographic distances from each other. The 
output of the former no longer serves as the input of the latter in a holistic whole 
(Manale,2006a). 
From the perspective of public policy, restoring the cycle may not necessarily 
entail reintegrating the two at the level of a specific farm. The key is to expand the 
scope of the problem definition to encompass new solutions that may be feasible 
only at the level of watersheds or larger. Farms may still specialize, but what has 
been a waste from livestock agriculture is turned into an input for restoring soils in 
crop production for farms located within the larger geographic area. Reintegration 
is effected by public or private institutions that provide quality control and oth-
erwise reduce the transaction cost of turning a waste into a valued commodity. 
Alternatively, restoring the quality of soils may entail adoption of agricultural prac-
tices that put carbon and associated nutrients back into the soil, such as through no 
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till and precision agricultural techniques. The byproduct of animal production may 
serve as an input into electrical energy production that in turn serves to reduce the 
cost of energy used in agriculture. The economic goal is to convert "waste" into a 
commodity that has value, thereby reducing the incentives to dispose of it in a CPR. 
Both the United States and the EU have begun the shift to a landscape approach 
to water quality protection from sources of nitrogen. In the United States, the shift 
is seen in the growing regulatory focus on the establishment of total daily maximum 
loads (TMDLs, numerical ecological standards for pollutants in watersheds), daily 
and other emission limits on pollutants, that are established on a watershed basis 
(USEPA, 2001b). In the EU, it is the Water Framework Directive (WFD) (Kampas 
et aI., 2002) which calls for the preservation of "good" quality water to be achieved 
through the adoption of river basin management plans. This entails tackling pol-
lution at the source and the setting of environmental targets. Though WFD does 
not set targets, it does provide the framework to coordinate this effort under other 
legislation. 
2.1. New Science Advances and Policy Analytical Tools Allow for 
New Approaches 
Recent advances in the development of environmental modeling tools, partic-
ularly for nitrogen from agricultural activities, allow for more sophisticated inter-
ventions to address agricultural nonpoint source pollution (Lakshminarayan and 
Babcock, 1995; Babcock et aI., 1997; Saleh et aI., 2000; Wier et aI., 2002; USDA, 
2006a). The new models cover the scale at which agriculture operates and reflect 
its site-specific nature capturing the linkages between the environmental effects of 
technologies and landscape modifications (Virginia Tech, 2001). Because of con-
stantly changing temporal impacts, the ability to visualize the problem greatly helps 
in developing policy solutions. According to Perry and Vanderklein (1996), the 
"ability to predict ecological phenomena depends on the relationship between spa-
tial and temporal patterns ... as spatial scale increases, the relevant time-scale must 
also increase because at larger scales processes operate at slower rates and have 
larger time lags and indirect effects are more important ... if [they] do not expand 
temporal scale with spatial scale, predictions are 'pseudo-predictions.' " 
Many of the modeling systems and their databases have been developed in a 
modular manner to allow for substitution among models with different strengths 
with inputs and outputs connected to geographic information systems (GIS) that 
facilitate analyses at various scales. An evaluation of the impacts of practices at the 
level of 8-digit watershed, for example, can, by making reasonable assumptions 
regarding what is occurring at larger geographic scales, be extrapolated to the river 
basins. Hence, analysts and stakeholders can visualize the relationship between how 
the management of the landscape affects nitrogen or other loadings to water bod-
ies at the top of watersheds or then trace these consequences to ecological impacts 
hundreds of miles away, such as the Gulf of Mexico. Different types of databases, 
relating to the physical and political and economic worlds, have been harmonized 
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through GIS polygons (Bauer, 1996). GIS in tum can be used with scanning tech-
nology to create high resolution land-use data sets (USGS, 1996). The result is that 
biophysical models have been dynamically linked with economic models to pro-
vide estimates of private and social costs of policies that encourage or constrain 
the adoption of a practice or sets of practices at the farm, watershed, regional, or 
national scales. Because of the spatial integration of databases through a GIS, even 
watershed level impacts, such as flood or drought mitigation, can be included in 
assessments (for an illustration of the types of integrated models available, see 
USEPA, 2006). 
By simulating cause and effect at various spatial scales and the costs associ-
ated with the interventions at these scales, policy makers can estimate how prices 
and policy constraints affect technological choices and in tum the flow of ecologi-
cal services. This is particularly crucial since the impact of the technology on the 
resource depends on many site-specific variables that can vary widely within and 
across watersheds. Simulating policy impacts at various spatial and temporal scales 
greatly expand the kinds of policy options that can be evaluated. 
Furthermore, since modeling ecological processes is an emerging science, inte-
grated models permit evaluation of "what-if' scenarios to identify and test critical 
assumptions that may have important influence on policy decisions - to address the 
inevitable problem of having to make decisions based on limited scientific or eco-
nomic knowledge. They also help identify key research and, in particular, monitor-
ing data that need to conducted or collected in order to develop better policies. 
The new tools provide for a mechanism of feedback between the production proc-
ess and the value of the capital stock (CARD, 1997; CAST, 2004; Robertson et al., 
1996). Because the results of these models can be aggregated up to the national level, 
the impacts of national policy can be evaluated at a local level and conversely local 
strategies for managing the resource can be evaluated in the context of national policy. 
These more sophisticated watershed and basin level models can simulate to the level 
of detail adequate for the purposes of national policy, the massive changes to the eco-
system that have been implemented to enable the agricultural activity. Furthermore, 
the linkages at various geographic scales show how various assumptions regarding 
adoption of practices affect water quality and quantity within the watershed8 and 
downstream within the larger basin (USDA, 2006a; USEPA, 2006). 
For the purpose of modeling the economic and environmental impacts of poli-
cies, soils need no longer to be assumed to be in a steady-state condition with regard 
to carbon and the loss (or gain) of associated components, such as nitrogen and 
phosphorus. Nor is reversibility of the most obvious impact on the soil assumed -
that soils can regenerate the carbon that they have lost within a reasonable period 
8Well-documented examples of how location of a disturbance within a watershed 
can affect water quality are given by Bormann and Likens (1985) or Hornbeck et aI., 
(1987). 
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of time - with the conclusion that the impact on crop productivity is so small as to 
be inconsequential. The magnitude of practices over time can be evaluated spatially 
for the purpose of more targeted policies to protect the productive capacity of the 
resource. Because the models are beginning to incorporate indicators of soil qual-
ity, such as tilth, which affect its regenerative ability and reflect its biological nature 
(rather than only chemical components), policy makers need no longer discount the 
important linkages with the quantity and quality of common property resources, 
such as water or air. 
New procedures allow valuation of the services that the ecological functions 
of the natural and human-altered landscape provided (Heimlich et aI., 1998; King 
et aI., 2000; see also the discussion of valuation methods in NRC, 2004). Though 
these approaches have almost exclusively been used to estimate the benefits and costs 
of protecting or restoring wetlands or forests, the methods can be applied to lands 
that remain in agricultural production as well. Rather than focusing exclusively on the 
benefits of restoration of natural functions of a nonworking landscape, the tools can 
be used to estimate the economic benefits accruing from practices that mimic ecologi-
cal functions in a "working" landscape that continues to produce crop and agricul-
tural products. Some of these ecological services include floodwater retention, carbon 
sequestration, or wildlife habitat, depending on the agricultural system that is utilized. 
Though these tools depend very heavily on large amounts of data, the greater avail-
ability of data through the internet over time can serve to reduce these costs. 
The individual farmer need no longer be the sole or primary focus of agricultural 
policy interventions whereupon, for the purpose of economic analysis, one assumes 
that he or she decides independently of the actions of other farmers whether or not 
and how much to pollute. In many drainage districts in agricultural watersheds, par-
ticularly in the Midwestern Cornbelt, where complex drainage systems make pos-
sible agricultural production by farmers who independently own or manage the land, 
farmers must maintain their sections of drains. Failure to maintain a subset of the 
system affects the functioning of the whole. The most effective technology to reduce 
pollution from an individual farm would affect the production potential of all the 
farms because it could affect how much and how quickly the entire system drains. 
The system can be imagined as a system of quasi-independent factories all of 
which are connected to the same smokestack. The solution to pollution in these 
cases may be to affect what comes out of the shared smokestack, such as through 
construction of artificial or restored wetlands at the terminus of the drainage sys-
tem before runoff enters surface waters or to manage the tile drainage systems to 
encourage greater denitrification (Mitsch et aI., 1999; Kovacic, 2000; Kuepfer, 
2000; Woltemade, 2000; Wetlands Institute, 2002). 
There are a numerous recent examples of landscape-scale management efforts 
that provide a variety of ecosystem services. In some areas, the service may entail 
managing the water table to protect water quality and to mitigate floods and 
droughts (Schultz et aI., 1995; Isenhart et aI., 1997). Wetlands have been integrated 
into landscapes to capture agricultural runoff. But with few exceptions, there have 
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been few examples of private markets involving the ecological services of the agri-
cultural landscape. A rare illustration of the latter, though narrowly focused on the 
objective of drinking water quality, is New York City's purchase of services from 
agricultural landowners in the watershed that supplies the city's drinking water sup-
ply (Chichilnisky and Heal, 1998). Entering into agreements to restrict activities 
that might threaten water quality represented a savings in costs from the alternative 
of constructing a new filtration plant. 
2.2. Putting It All Together: Economic Incentives for Working Landscapes 
There is an extensive literature describing the fundamentals of an ecosys-
tem approach to environmental problems. The concept is known by many names, 
including integrated resource management, ecosystem management, integrated 
catchment management, and integrated water management (Laane and Lindgarrd-
Jorgensen, 1992; Margerum, 1997) and is defined in many ways (Burt, 1999).9 In 
nearly all cases, examples have been government-funded projects. Scarce, however, 
are descriptions of policies for implementing or encouraging an ecosystem approach 
in managing agroecosystems (i.e., working landscapes) or for effectively achieving 
proper valuation of ecosystem services within an agroecosystem (Simpson, 2000; 
USDA, 2004a). Even rarer are examples of where these policies have been imple-
mented and assessments of how they have fared (USDA, 2004b). 
Most examinations detail what needs to be done and who should do it, which 
generally assumes that various levels of government will propose or advance regu-
latory and voluntary goals and targets and then enact and coordinate regulatory pol-
icy to achieve these ends (Laane and Lindgarrd-Jorgensen, 1992). Though technical 
instruments and policy issues pertinent to an ecosystem approach have been articu-
lated, effectuation of policies to implement the approach for a sustained period of 
time is either rare or has occurred on a local scale in such a way that hinders its 
generalizability to the nation as a whole (Crouzet et aI., 2000). 
An alternative policy strategy for implementing an ecosystem approach [here 
we use the term in a broad sense that posits the integration of biophysical and 
social sciences, as defined by Perry and Vanderklein (1996)] uses market-incentives 
and contracts for services of the "working landscape."lo The working landscape 
9Because of the multidisciplinary demands of managing the landscape from the per-
spective of ecosystems, a linguistic Tower of Babel figuratively exists with regard 
to terms and meanings used by different physical and social scientific disciplines 
(Boyd and Banzhaf, 2006). Fortunately, there are signs of progress in the develop-
ment of a common language through the cross-pollination of ideas at conferences 
such as the recent International Soil and Water Conservation Society meeting in 
Kansas City, Missouri in October 2006 (Managing Agricultural Landscapes for 
Environmental Quality: Strengthening the Science Base http://www.swcs.org). 
IOWorking Landscapes is a term used by a coalition of groups in the Rural US 
Midwest and includes federal, state, non-profit organizations, and agricultural interests 
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approach employs these key elements: (1) the use of comprehensive, integrated bio-
physical and economic models at the farm, watershed, regional, and national scales 
that can predict and quantify a multitude of benefits of farm and landscape-manage-
ment practices; (2) a set of policies to encourage the development of markets in eco-
system services; and (3) the coordination or harmonization of government policy at 
various levels to facilitate these markets. An institutional structure is encouraged 
at the proper spatial scale in order to encompass the set of stakeholders necessary 
for coordination, development and implementation of the approach. Furthermore, 
the concept accepts a principle of the economic theory of federalism that states that 
economic efficiency in the provision of public goods is generally best served by 
delegating responsibility for the provision of the good to the lowest level of govern-
ment that encompasses all the associated benefits and costs (ShortIe, 1995). 
The services entail adoption of agricultural practices or landscape-scale man-
agement that can be shown by a variety of approaches, including simulation mod-
eling, to reduce the costs of meeting existing services. The analytical tools dis-
cussed previously allow expression, over various geographic temporal scales, of the 
damages of costs avoided in stochastic terms. This provides a means for comparing 
costs and benefits of policy alternatives using a common metric. The role of gov-
ernment recedes to that of defining property rights, informational and data manage-
ment support, and oversight and enforcement of the public interest - ensuring that 
the proper market signals are transferred to producers and land managers. 
An ecosystem approach based on market-incentives to protect the CPR recog-
nizes the capability of agricultural land and the watershed in which it is located 
to provide cost-effective services to urban interests, downstream users of the CPR, 
interests physically located in floodplains, as well as far-away interests who share 
in the benefits of the resource or resources (WRI, 2000). The use of economic 
incentives provided by the market-place allows for decentralized flexibility that can 
achieve greater economic efficiency, critical in dealing with diffuse sources of pol-
lution (Baumol and Oates, 1975; Stewart, 1988; Costanza et aI., 1997). 
Though environmental performance contracts exist now, such as the 10-year 
contracts of the Environmental Quality Incentive Program established by the 1996 
farm bill or the green payment programs in the EU (Crouzet et aI., 2000; Brouwer, 
2003), the buyer of the service is exclusively government and depends on contin-
uation of the government program to maintain the funding for the service. In the 
United States, the effectiveness of the program has been handicapped by annual fed-
eral appropriations which have been set far below demand (USDA, 2000a). There 
that stresses the multi-functionality of the agricultural landscape. At the same time, 
it takes into account ecological needs, culture, and economics in a holistic way that 
conforms to a broad definition of ecosystem approach. The group seeks to wed the 
production and protection of the working landscape through the implementation of 
profitable approaches utilizing the functions of the natural landscape to solve both 
economic and environmental needs (Franz, 2001). 
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is also concern that the success of the program could be hampered by uncertainty 
regarding the long-term continuation of the program, causing farmers to rethink the 
value of investing in the necessary technology. 
Because efforts to value ecological services are meaningful only in the context 
of policy actions, valuation of the services occur for the purpose of answering the 
following question: "What is it worth to us (or how much do we save) in having the 
land managed in an alternative way?" The valuation of the service is not an exercise 
in economic estimation of its relative worth to society, but strictly whether or not it 
is relatively more valuable than an alternative, conventional option. Furthermore, 
the amount of data necessary for the evaluation is that which suffices to make a 
relative comparison. Hence, a full accounting of services and their costs and ben-
efits may not be necessary if a simple model using data readily available provides 
sufficient precision to differentiate between options, particularly options involving 
restoration or rehabilitation of a landscape function versus the status quo. The goal 
is not to compensate for land manager or managers for all the ecological services 
that the land provides or the quantified value of the reduction in ecological damage 
(if that value were even able to be estimated); rather it is to provide the minimum 
financial inducement such that land managers adopt the practice that provides an 
ecological benefit equaling or exceeding its costs. 
In many cases, the option against which to compare is the investment in struc-
tures to minimize damages from deteriorating ecosystems or avoidance of the 
costs associated with meteorological events. This is because the costs to society of 
floods and droughts tend to be so great - and the structures necessary to reduce 
these risks so costly - that any agricultural practice that reduces these costs and 
restores ecological functions will likely compare favorably (see Manale et aI., 2006 
and Manale, 2000 for examples of evaluations of the cost of implementing an eco-
system services approach to flood risk reduction). 
The models are used to identify and define the change from "wholeness," the 
set or array of ecological services that were modified in converting the land to agri-
cultural use. The objective of policy is to restore or mimic the extent of the service 
or services that was lost at the lowest cost by establishing the proper economic sig-
nal to landowners or producers to adopt the practices or land management systems 
that provide the service. Because the objective of this policy approach is to provide 
local stakeholder involvement, a market in services (or trading) is only likely to be 
feasible if there is a net gain for the buyers of the service in terms [(for a discussion 
of barriers to nutrient credit trading, see King and Kuch (2003)]). A regional or 
national authority may decide to contribute to the cost of the trade so as to increase 
the price signal to suppliers of the service if public outside of the scope of the 
immediate trading area also economically benefit. 
Graphically visualizing tradeoffs and forcing the explicit statement of key sci-
entific and economic assumptions are critically important since the science of ecol-
ogy is continually advancing and our ability to predict limited. Establishing what 
is essentially a policy baseline allows for evaluation of interventions over time to 
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discover what works and what does not, for identification of research gaps and data 
needs, and for a framework for building social consensus on policy where uncer-
tainty and unknowability predominate. 
The focus on services to local and regional interests increases the likeli-
hood of sustained performance. Encouraging the involvement in the market by 
owners of contiguous lands expands the kinds and values of the services that are 
provided. Groups of farmers or landowners, for example, either themselves or bro-
kered through third-parties, such as government or even insurance companies, are 
encouraged to form consortia to provide the services to private entities and quasi-
governmental agencies, such as sewage treatment plants, drinking water purveyors, 
or even energy companies (Donnelly, 2000). 
Similarly, potential beneficiaries, public and private, could, either individu-
ally or collectively in the form of consortia, bid on the rights - or options - to use 
specified agricultural lands or to specify the system of agricultural practices that 
are used to produce agricultural goods. The value of the bid depends on the array of 
ecological services that the lands could potentially provide, which in tum depends 
on the pool of land put up to bid, its inherent characteristics, and its spatial fea-
tures, including its "completeness," that is absence of holes in the covered land-
scape. Beneficiaries potentially supplement other interests' bids to ratchet up the set 
of practices and hence the system of services that the landscape provides. Again, 
the role of government in facilitating these new markets is to define the commodity 
(in reality, "service") that is traded, clarify property rights, represent public interests 
where the interests of society at large are at stake, and to either monitor and enforce 
agreements or oversee the conduct of the latter through disinterested third-parties. 
In doing so it reduces uncertainty and hence the costs of transactions and thereby 
the scope of the market. 
Identifying the proper unit of organization to supply the service that addresses 
the problem in a cost-effective manner is crucial. Rather than the traditional focus 
on the individual landowner or farmer, a higher organizational unit, such as a drain-
age or flood district, may more appropriately be targeted as the potential supplier 
of the service. Nitrogen, for example, can be prevented from reaching water bod-
ies by constructing or restoring wetlands at key junctures where drainage systems 
reach rivers or streams (Vitousek et aI., 1997; USDA, 2003). Yet the success of con-
structed wetlands to protect the resource requires cooperation of each member of 
the drainage district, not just to provide the necessary conditions, but also to address 
the free-rider problem whereby other farmers cannot be excluded from the bene-
fits provided by farmer or landowner on whose land the wetlands are constructed. 
Hence, the parties to a contract for water quality would involve the drainage district 
and a supplier or user of the resource. 
The strategy is not meant as a substitute for regulation. It would not work in 
watersheds or problemsheds where the value of environmental services to local or 
regional stakeholders either cannot be established or where the monetizable value 
of the service does not exceed the economic value derived from continuing existing 
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agricultural management practices. An ecosystem services approach can serve to 
reduce the expected costs of natural events, such as floods and droughts; of com-
plying with existing regulation, through such means as preventing the pollution that 
otherwise must be treated; serving as a sink for pollution that otherwise would have 
been emitted, such as greenhouse gases; or of providing social amenities, such as 
wildlife habitat. It also serves to direct focus on practices that provide a multitude 
of environmental benefits, though small individually, rather than a single benefit 
that, alone justifies implementation. In this way, it complements existing regulatory 
and incentive-based efforts. 
2.2.1. Harmonizing federal policy with ecosystem protection 
National policy designed to support farm incomes can impede, if not thwart, 
environmental policy if it creates incentives to overuse inputs and natural resources 
in the production of agricultural commodities (Browne et aI., 1992). The higher the 
commodity price support payments, the higher the hurdle for any economic incen-
tive program for managing the landscape in an ecologically sound manner. Recent 
trends in the EU and, until recently, in the United States have seen the decoupling 
of support payments from crop production and shift to a greater portion of farm 
income for green services (EEA, 2000). Such trends need to continue if success-
fully working landscapes that provide ecological services are to become a reality. 
Government programs, particularly at the national and state level, should reward 
good stewardship, encouraging the adoption of practices and management systems 
that restore ecologic functions and rehabilitate the land and landscape. Rather than 
encouraging the overuse of soil resources, government programs should reward the 
provision of ecologic services that benefit the economy locally and the environment 
globally. Property rights should be clarified to facilitate market-based approaches, 
where feasible, and provide for greater economic efficiency given the changing 
structure of agriculture. They should be consistent with or even encourage the insti-
tutional structure for collective action to restore the ecologic functions of landscape 
or to manage animal waste in an environmental sound manner where individual ini-
tiative alone is unlikely to achieve the environmental results. 
2.2.2. Creating demand 
For some services, the major role of government may be in creating demand 
for the service (CRS, 1998). This may entail imposing a limit to ambient concen-
trations of the pollutant in a resource, establishing rights to emit the pollutant, and 
allowing trading of the rights (for a discussion of the creation of trading rights, see 
USEPA, 200la). The European Directive on Nitrates is one example in this regard; 
the United States' Clean Water Action Plan and the setting of TMDLs, numerical 
ecological standards for pollutants in watersheds) under its CWA is another (CRS, 
2000b). TMDLs serve to increase demand to reduce total loading of pollutants, such 
as nitrogen and phosphorus into watersheds. Strict state or national drinking water 
standards are another. For agriculture, government can also help create demand for 
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its services by recognizing a property right to one or more characteristics of the 
land, such as soil carbon, and the conditions under which the right can be estab-
lished, including who monitors and how measurements can be made. In other cases, 
such as where upland agricultural land is used to store runoff to prevent downstream 
flooding, it is establishing the limits of liability. 
Establishing, a market in carbon, as an illustration of an ecosystem commodity, 
by setting a limit on carbon emissions for the purpose of mitigating climate change, 
and allowing a trade in this new commodity may increase the incentive to invest in 
this resource (ELI, 1997). To the extent that agricultural practices (such as conser-
vation tillage which increases the carbon content of soil) that assist in the mainte-
nance of this component of the resource provide other ecological services of the 
larger landscape - such as clean water - then this expansion of the marketplace can 
help solve the CPR dilemma. 
In response to the EU Nitrate Directive, the Dutch whose agriculture is one of the 
most intensive in the world are engaged in what initially appears to be an economi-
cally efficient means for supporting multi-criteria decision-making and generating 
demand for effective management of nitrogen in agriculture. It has established a reac-
tive nitrogen ceiling within the context of a nitrogen accounting system, the Mineral 
Accounting System (MINAS). Nitrogen-balances are calculated and the excess 
is taxed, thus raising the effective cost of practices that can lead to environmental 
problems and increasing the economic viability of offsite manure disposal. Initial 
results show promise in reducing nitrogen emissions to the environment (Ondersteijn 
et al., 2002). Analyses have been conducted regarding the benefits of expanding the 
nitrogen accounting system beyond the farm to the region and nation as a whole to 
address excess reactive nitrogen in an integrated way (Erisman et aI., 2001). 
National agricultural farm or commodity-support policy can also serve to cre-
ate demand for services either directly by purchasing services, providing matching 
grants for services, or indirectly by reducing their cost through subsidies of flood or 
crop insurance that are coupled with environmentally sound practices. For example 
in the United States, the Conservation Reserve Enhancement Program established 
under the Federal Agricultural Income Reform Act (the Fair Act) that provides 
matching grants to regional or local authorities for targeted conservation improve-
ments could be expanded and broadened in scope to cover a multitude of ecological 
services that agricultural land can provide (CRS, 1998). Other federal programs, 
such as federal disaster assistance or federally subsidized multiperil insurance can 
be made contingent on local programs that reduce the likelihood of flood or drought 
disasters by landscape-scale restoration or management programs. 
Federal support for agricultural land preservation programs, such as the Farmland 
Preservation Program under the 1996 Fair Act, could be expanded to include lands 
that provide ecological services. Maintaining agricultural land near urban areas sub-
ject to flooding could provide flood storage benefits. Alternatively the land could 
be managed to mitigate the impacts of drought by protecting groundwater recharge 
zones and being maintained in a manner to encourage percolation (Tourbier, 1994). 
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Examples abound in the EU where contracts exist between drinking water 
purveyors and farmers to manage agricultural land generally within groundwater 
catchment areas in ways to reduce contamination of the source waters (Brouwer, 
2003). The contracts generally focus on the single objective of the protection of 
source water for drinking water and not necessarily ecosystem services, per se. 
Nevertheless, there are many examples, particularly in Germany, that are preventa-
tive in nature and indirectly serve, such as through a forestation, to restore ecologi-
cal functions. The contracts serve as a complement to other regulatory activities, 
such as those spawned by the Nitrates Directive, related to agriculture and not as 
a replacement for regulation. Compensation is offered to encourage participation 
in the contracts and generally covers potential losses in revenue as a consequence 
of the practices stipulated. An increasing trend is toward linking the payments to 
specific outcomes. ll The United States is not without its share of experience with 
contracting between private entities and agricultural interests to protect resources. 
The best known is the New York City example (Gasteyer, 2003), but there are 
numerous other examples as well. In most of these cases, city water purveyors 
have supplemented federal Department of Agriculture conservation cost-share pay-
ments for conservation practices to protect water quality. In many of the arrange-
ments, nongovernmental organizations (NGOs), such as the Nature Conservancy 
or Environmental Defense, or quasi-governmental organizations, such as Resource 
Conservation Districts that are funded in part by the federal government, have 
brokered the deals and serve the role of ensuring compliance. Researchers at uni-
versities or the US Geological Survey conduct the modeling to target lands for 
interventions. 
These private transactions are mentioned here because they can serve as a 
model or laboratory for contracts, and the bargaining involved, between agricultural 
producers and private or semi-private interests in general to protect an environmen-
tal resource. These contract vehicles could be expanded to include other environ-
mental objectives and ecosystem services with supplemental funding from either 
other private interests or the government. 
Consumers can also be empowered to demand protection and restoration 
of ecosystem services through their buying choices (NRC, 2002). Ecolabels give 
buyers more information on how an agricultural product is produced, not just its 
attributes per se. Numerous ecolabeling and other labels that can convey informa-
tion important to some segments of the consuming public on how foods are pro-
duced, such as organic food labels have been introduced both in Europe and the 
United States have been introduced over the years. In both the EU and the United 
llLinking payments to outcomes, rather than adoption of a practice, leads to the 
problem discussed earlier in the chapter regarding what outcomes to link. This 
relates to the issue of how we establish reasonable expectations, and the timeframes 
to achieve them, regarding ecosystem functions and services. 
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States, for example, there are national and state organic and sustainable labels that 
generally require third-party professional organizations to certify that food or fiber 
products are produced in accordance with organic or sustainable standards. In most 
cases, the labels relate only to the use of practices that are presumed to be better 
from an environmental or health perspective - practices the adoption of which lead 
to less chemical fertilizer use, for example. In other words, the label signifies that 
the food was produced in a way that is likely to reduce the negative impact of farm-
ing on the environment. In few cases, except perhaps for wildlife and biodiversity, 
does the label link managing the land for ecosystem services. 
This situation may be changing. A number of environmental organizations are 
creating consumer labels for agricultural products to convey information on mea-
surable progress in protecting ecosystems and their services. 12 How well they are 
doing depends on measurable performance measures. This is the hitch. A scientific 
hurdle that all face is the development of clear measurable landscape-scale objec-
tives that communicate reasonable expectations for protecting the system. In other 
words, the same problem at the nexus of science, policy, and economics that thwarts 
the setting of multi-objective performance measures for government efforts at the 
protection of the natural resource base undermines the identification of and estab-
lishment of agricultural management systems that protect and restore (or mimic) 
ecosystem services. 
Identifying and agreeing to what is achievable in protecting and restoring 
ecosystem services on working agricultural lands at the landscape scale, in what 
timeframe, and at what cost (economically, socially, and institutionally) requires 
consensus among diverse interest groups and professional disciplines. Australia has 
made some remarkable progress in this regard (ESP, 2006). 
2.2.3. Defining the commodity that is traded and clarifying property rights 
Computer models that can simulate complex relationships between agricul-
tural land management practices, economic costs, and environmental impacts also 
allow for commoditization of services, and hence the possibility of new markets. 
Markets, however, require clarity regarding property rights to what is traded. 
Government needs to define what is it that is traded with the use of these models; 
help establish who owns the product of the services; as well as who is liable for 
nonperformance of service and the extent of liability in many cases; and establishes 
conditions for monitoring and enforcement where the primary beneficiary of the 
service is the public. 
Redefining property rights can help shift the burden of complying with environ-
mental regulations on the entity within the agricultural production and distribution 
12More information can be obtained on these efforts at the following websites; for the 
Food Alliance www.foodalliance.org; for the Katoomba Group http://www.forest-
trends.org; and for Ecoagriculture www.ecoagriculturepartners.org. 
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system better able to pass costs onto consumers. In the case of confined livestock 
operations, for example, according to Ogishi et aI. (2003) "[s]hifting the liability to 
integrators [The integrator is the livestock processor who contracts with growers to 
raise the animals for later slaughter.] will lead to more investment in waste manage-
ment technologies and eventually adoption of alternative technologies." 
Defining the commodity or service that is traded is complicated because, unlike 
the crops that are grown that are readily measurable, the ecological services pro-
vided by farmland and the larger landscape cannot be easily quantified. Ecological 
services are not like bushels of com, discrete items or set of items that can be 
clearly and unequivocally measured, given agreement on how measurement will 
occur. Even the carbon, for instance, in a discrete plot of soil is not likely ever to 
be actually traded for the purpose of meeting international or even domestic com-
mitments to reduce greenhouse gas emissions. Indeed, what is traded is generally 
the promise of the performance of a service or services whereby soil quality is 
increased - which may entail sequestering carbon in soils and maintained there for 
a given period of time - the land is managed to reduce the possibility of down-
stream loadings of pollutants, the landscape is managed to provide wildlife habitat 
and increase groundwater recharge, and the watershed is managed to retain water 
and reduce the likelihood of downstream floods and droughts. The service involves 
using agricultural practices that have been scientifically shown to mimic or restore 
natural ecological functions. The precision of the measurement that is important to 
trading relates to the ability to predict the quantity of product, or stock, provided by 
the service at a given point in time and within a given quantity of land. 
There are numerous illustrative efforts in the United States in defining the ser-
vices of agricultural lands with regard to alternative management systems which 
needs to be highlighted. The Land Stewardship Project in Minnesota is a multi-
phase project involving diverse stakeholders, government, private, and nonprofit, to 
identify and quantify the multiple benefits of alternative systems on a landscape-
and watershed-scale (LSP, 2006). The effort involves not just research to define and 
cost out the services, but also the implementation of policy and market-based efforts 
needed to support the changes that are recommended. The results of a holistic, 
multi-service assessment of benefits suggest that land management targeting multi-
ple environmental objectives can produce increased environmental benefits without 
increased public cost (Boody et aI., 2005). 
2.2.4. Creating the institutional structure to support change and to 
measure progress 
Since publication of the first edition of this book, significant progress has been 
made in developing the institutional structure to support an ecosystem approach on 
agricultural working lands. An ecosystem approach entails large amounts of data, 
a clearinghouse for depositing and accessing the data, an institutional structure for 
overseeing and coordinating efforts, and a system for measuring results. However, 
there are never enough data or the science and the scientific data are never good 
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enough from the perspective of making management decisions. How does one 
make decisions when the picture is incomplete? 
There comes AM, a set of principles for managing resources that have been 
applied particularly in forest and fisheries management. 13 Implicit in AM is the rec-
ognition that the results of an intervention or conservation project must be commu-
nicated to funders, whether public or private. Both those managing the intervention 
and those, such as farmers, who are receiving support to implement the change in 
practices or management system, must account for the money spent. To this end, 
organizers must identify reasonable expectations at various geographic and tempo-
ral scales and show how the efforts progress toward meeting those expectations. 
AM incorporates research into conservation action (conservation efforts as 
management experiments), takes the science of what we know (or think we know) 
about ecosystems and compares our expectations to monitoring results, and modi-
fies management decisions to achieve conservation objectives in light of better 
understanding of ecological processes (feedback).14 It helps identify what needs 
to be monitored to report results both at a project scale and, in order to contrib-
ute to understanding of the resource problem at the larger geographic or policy 
scale at which resource decisions are often made, at the scale of the watershed or 
problemshed. 
AM is reasonable in theory, but often difficult to implement in practice because 
of institutional barriers, let alone data gaps. These include lack of a clearinghouse 
or gateway in order to make the data available to other conservation efforts within 
the water or problemshed and poor collaboration and coordination among resource 
organizations that prevents efficient use of resources, data sharing and expan-
sion, leveraging of funding, joint production of spatial and temporal indicators or 
benchmarks. 
The CEAP, a recent collaborative effort among federal agencies in the United 
States, NGOs, universities, and state and local governments, is making progress in 
breaking down these institutional gaps and barriers. It is providing a gateway or 
clearinghouse for data from projects. Clearly what is important to any effort is to 
know the locations of other interventions in watersheds, their objectives, and state 
of implementation. It serves a higher level integrative role of assessing the meaning 
of site level projects into regional and national framework. It provides consistent 
protocols for data generation and models, linking models. Computer models used in 
watershed studies are being verified and their results made available. Benchmarks 
watersheds in CEAP serve as the reference studies for local projects. 
13Here is used the definition of Adaptive Management from Salafsky et al. (2001): 
"Integration of design, management, and monitoring to systematically test assump-
tions in order to adapt and learn." 
14For a PowerPoint presentation on AM and how it relates to managing for ecosys-
tem services on working lands, see Manale (2006b). 
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In addition, there are strengths that CEAP could assume if the recommenda-
tions of the Soil and Water Conservation Society (SWCS, 2006) are adopted that 
would further buttress AM: integration of research and management across multiple 
agencies. An expanded CEAP or an institution like it could provide baseline mea-
sures for the comparison of effectiveness of local projects. Most importantly it 
could identify what can be reasonably attainable goals for change given the location 
and relevant social and economic factors. It can provide guidance on what should 
happen on the ground, not just what has happened. And through its bringing scien-
tists and policy experts from multiple disciplines and institutional arenas together 
serve as the platform for developing and implementing resource management strat-
egy. An expanded CEAP could serve as the go-between the hard and the softer sci-
ences to identify data needs that can be supplied by surveys. Finally, by guiding 
local management experiments in identifying scientific and policy or management 
questions, it provides means for translating results to a large geographic scale and 
communicating results to a broader public. 
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